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Q ' Electric form factors of S-wave charmed baryons are calculated within the relativistic 

^ ■ quark model in the region of low and intermediate momentum transfers, < 1 GeV^. 
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The charge radii of low-lying charmed baryons are determined. 
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The inclusion of relativistic effects in composite systems is fairly important in con- 
sidering the quark structure of hadrons [1 - 10]. The dynamical variables (form fac- 
tors, scattering amplitudes) of composite particles can be expressed in terms of Bethe- 
VD [ Salpeter functions or quasipotentials. The form factors of composite particles were 

^ ' considered by a number of authors, using, in particular, the ladder approximation for 

Bethe-Salpeter equation [11] and ideas of conformal invariance [12]. A number of re- 
sults were obtained in the framework of three-dimentional formalisms [13]. Apparently, 
a fairly convenient way of describing relativistic effects in composite systems may be 
the use of dispersion integrals in the masses of composite particles. On the one hand, 
the technique of dispersion integration is relativistically invariant and not related to 
the consideration of any specific coordinate system. On the other hand there are no 
^ I problems whith the appearance of extra states, since in the dispersion relations the con- 

■ tributions of intermediate states are under control. The dispersion relation technique 

makes it possible to determine form factors for composite particles [14]. 

In the paper [15] we have constructed a relativistic generalization of the three- 
particles Faddeev equations in the form of dispersion relations in the pair energy of the 
two interacting particles. By the method of extraction of the leading singularities of 
the amplitude we have calculated the mass spectrum of S-wave baryons, the multiplets 
= and = I"*" [15, 16], and we have obtained the electric form factors of 
nucleons at low and intermediate momentum transfers [17, 18]. 

In the present paper we calculate the form factors and the charge radii of S-wave 
charmed baryon multiplet = 

We consider electric form factor of the three-particle systems (charmed baryons) 
shown in Fig. l,a. We assume that the momentum of the baryon is large [Pz oo). 
The momenta P = ki + k2 + and P' = P + q correspond to the initial and final 
momenta of the system, and P^ = s, P'^ = s'; s and s' are the initial and final energies 
of the system. We assume that P = (Pq, P± = 0, Pz) and P' = {P^, P'^, Pz)- 
Then we have several conservation laws for the incoming momenta: 
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ki± + k2_L + k3_L = , 



Pz - kiz - hz - hz = -Pz(l - xi - X2 - X3) = , 
Po - ho - k2o - ho = Pz{l -xi-x2-xs) + ^(s-^-'^- ^ | = , 

^-r z V Xi X2 X3 J 

k- 

mi^^rrif + ki^,Xi^-^,i^ 1,2,3. (1) 

^z 

Similarly, for the outgoing momenta, 

k'l^ + k2± + k3_L - q± = , 

P'z - k'u - k2z - kzz = Pz{z - x\ - X2 - xa) = , 

, _hz _Ek - + - 
""''Pz^^'Pz' 2s ' 

p;>-k[o-ho-ho = Pziz-x[-x2-xs) + ^ ('-^ _ _ !!!L _ !!!LU 0, 

zr^ \ Xl X2 Xs J 

m[\ = m\ + k[\ , = P'^ , s' = = P^' P'i - Pf . (2) 

Form factor for a system of three quarks can be obtained by means of a double 
dispersion relation: 

2\ / dsds' disCgdisCs' F{s,s',q'^) 

^ " J (s-M2)(s'-M2) ' ^ ^ 

(mi+m2+m3)2 

disCs discgi F{s, s', q^) = G{s, si2)G{s' , S12) j dp{P, P' , ki, k2) ■ (4) 
The integral for the invariant phase-space has the following form (Fig. l,a): 



j dp{P, P', h, h) = j {2Tif 6\P -h-h- h) 



d^h d^h d^h 



(27r)3(2A;io) (27r)3(2A;2o) (27r)3(2A;3o) 

x{27r)U\P' -k[-ki,-k'^) 



d k-^ d d 



(27r)3(2A;io) (27r)3(2A;^o) (27r)=^(2^^o) 

x{2k2o){2n)^S%k2 - k'2) {2ho)i2nfS%ks - k'3) . (5) 
In the presence of a spectator di quark (Fig. l,b) we obtain: 

(m2+m3)2 
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(27r)3(2A;io) (27r)3(2A;23o) 



Upon some transformations, we obtain the form factors of charmed baryons as: 



here the J3 and Je are the contributions of Fig. l,b and Fig. l,a respectively: 

^fcx 27r 1 ^ 

J3 = /23 j dkljd^j^ 



27r 1 

da; 6A + 1 1 



x(G'(s)G'(/))3 e(A, - s) e(A, - s') , (8) 



Jq= j dklj_ j dklj_ J dipi J dip2 J dxi J dx2 



000 



xiX2{l - xi){l -X2) 6 + A/ 



X _ ^2)(g. _ ^ (G(«W))6©(A.-5)e(A,-5')- (9) 

The corresponds to the diquark phase space. We introduce the following nota- 
tions: 

— i H ; J — ; A — 



/ 



; "\ -"^ .--. + g^(l + 2A); (10) 

~ ^m?^ ~ ~2 ^kl^cos^ip, ~ -b + ^{b'-m-{s/q')f) 
0^x1 + - — ; / = 6 z ; A = ~ ; 

SXi s f 



m? I mo I 



+ kl± + kl^ + 2{kl^kl^fl'^cos{Lp2 - ^1) 



S — \ \ r— r , S — S + q {1 + ZA) . 

Xi Xi (1 -X2) 

The quark masses and the two-body cutoff arc similar to the paper [19]: = 
0A95GeV, = 0.770 GeV, rric = 1.655 GeV; A = 10.7. The dimensional cutoff 
parameters for the pair energy of nonstrange, strange and charmed di quarks are Aab — 
^ {ma+rn,)\ _ = 12.AGeV\ Asc = 15.7 GeV^, Kc = 29.3 GeV\ The transverse 
momentum cutoffs are A^^ = 1.04 for the E++, 11+, A+; for the S+^, A^^ = 1.37; 
for the Q++ fl+g Afex = 2.70; for the Q+, A^^ = 2.47. 
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The vertex functions (G(s)G'(s'))3 and {G{s)G{s'))q are determined by the wave- 
functions of the corresponding charmed baryons (Appendix 1). To find the form factor 
of the charmed baryons we must include the interaction of each quark with an external 
electric field by means of the form factor of nonstrange, strange and charmed quarks: for 
the u, (i-quarks fq{q^) = exp{aqq^), = 0.33 GeV"^, for the s-quark fs{q^) — exp{asq^), 
as = 0.20 GeV^, and for the c-quark /(g^) = 1. 

The equation (7) use for the a numerical calculation of the form factors with the 
normalization G^(0) = 1. The behaviour of the electric form factor of the is 
shown in Fig. 2. The calculated value of the charge radii of the charmed baryons are 
found to be (Table 1): 

Rn+ < Rn++ < R^+^i R\+ < Rc>+ , -R=+s < R'p++ < • (11) 

^"ccs ^"ccq c ^^ccq ~-'c ^ ' 

The charmed radii of the neutral baryons are found to be practically equal to zero. 

It is worth noting that we do not use any new parameters here. All of the parameters 
involved were borrowed from the calculations of the mass spectrum of the (S'-wave 
charmed baryons [19]. 
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Fig. 1 a, b. Triangle diagrams the form factors of charmed baryons. 
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Fig. 2. Electric form factors of the charmed baryons E+ at small and 

intermediate transfers Q"^ < 1 GeV'^ (Q^ = -5^). 



Table 1. The 5- wave charmed baryons charge radii = ^ ■ 



particle 


mass (GeV) 


charge radius (fm) 


A+ 


2.284 


0.34 




2.458 


0.39 




2.458 


0.41 


'— 'c 


2.467 


0.34 


■^+s 

'c 


2.565 


0.35 




3.527 


0.32 




3.527 


0.35 


0+ 

~ -'CCS 


3.598 


0.2.1 
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Appendix 1. The vertex functions of the charmed baryon multiplet -/^ = 5 • 

{G{s)G{s')h = [A^f {s, so) h{q^) e„ 12 + (s, so) U{q^) e„ 36 
+A2(s,so)/c(«')ec24) 

(G(s)G(s'))6 = ^ J (4'^' (s, so)(/,(g') e„ 12 + /^(g^) e, 12) 
so)(/,(9') e„ 36 + /e(g') Ce 36) + (s, sq) /g(g') e„ 48) 

{G{s)G{s'))s = (A('=)'(s,so)/,(g^)(e„12 + erfl2) 
so) /9(g')(e„ 36 + ed 36) + Al{s, so) fc{q^) Cc 48) 
(G(s)G(s'))6 = so)(/,(g')(e„ 12 + e, 12) + Uq^) 24) 

+4'^'(s, so)(/,(92)(e„ 36 + 36) + /e(g') Ce 72) + sq) /g(g')(e„ 48 + 48)) 

For the Ai(s,so) = 0.431, ^^"='(5,50) = 2.203, a'^^\s,so) = 2.534. 

A+: 

{G{s)G{s')), = so){Uq^){eu 6 + e, 6) + /.(g^) e, 12) 

so)(A(9')(e„ 2 + ed 2) + f,{q^) 4) + ^^(s, sq) /q(g')(e„ 8 + 8)) 
(G(s)G(s'))6 = {Af {s, so){W){eu 18 + 18) + /eCg^) 12) + 4^^' (s, so) 
■{f,{q^){eu 6 + ed 6) + /e(g2) Ce 4) + Al{s, so)(/g(«')(e« 8 + 8) + f^q^) e, 16)) 

For the A+: ^o(s,so) = 0.984, ^['"'(s.Sq) = 2.23, A^^^{s,sq) = 2.548. 
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+a[''^\s, So){fs{q^) esQ + fc{q^) 6) + 4"^' (s, So){U{q^) e„ 2 + Uq^) 2) 
so)Us{q^) es 2 + /c(g') 2) + 5o)(/,(«2) e„ 8 + /.(g^) e, 8)) 

{G{s)G{s'))e = [Af (s, so) e„ 6 + ^(g^) e, 12 + /^(g^) ee 6) 
+J^r^'' {s, so)(/g(g') e„ 12 + e, 6 + /e(9') 6) 

so)(/,(g') e„ 2 + e, 4 + ^(g^) 2) 

so)(A(g') e„ 4 + /,(g2) 2 + /e(g') 2) 
+4'^' (s, so)(A(9') e„ 8 + A(g2) e, 8 + /e(g') Ce 16)) 

For the ^[,"^(8,80) = 1.032, ^^^=^(5,50) = 1-80, 4'=^(s,So) = 1.888, A["'\s,So) = 0.953, 

4''\s,so) = l.U7. 

(G(s)G(s'))3 = ^ J so) 12 + a[''^' {s, so) f,{q^) e„ 12 

+Ai'^\s, so) fs{q^) es 36 + ^o) e„ 36 + Al{s, so) fc{q^) e^Ai) 

{G{s)G{s')), = 11 (Af {s, So){Mq') e„ 12 + Mq') 12) 
+a[''^\s, so)(/.(g') e« 12 + /e(g2) ee 12) + 4^^^' (s, so)(/g(g') e„ 36 + /e(g') ee 36) 
so) (/.(«') e. 36 + /e(g2) ee 36) + A['^\s, sq) (/,(«') e„ 48 + /.(g^) e, 48)) 

ForthcS+'5: A^"^(s,So) = -0. S73, A^^\s, sq) = 1.281, ^''^(s, sq) = -1.173, ^'''^^ (s, sq) = -2.954, 
4'"^(s,so) = 1-042. 
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^ ''ccq ■ 

+Ai'^' {s, so) fc{q^) ec 72 + A^^'^' {s, sq) /g(a') e„ 48) 
(G(s)G(s'))6 = (4'''(s,so)(/c((z')ec24 + /,((?2)e„24) 

so)(/c(9') ec 72 + e„ 72) + 4"^'(s, so) /c(g') 96) 

For the fi+g: 

For the ^^'=°^(s,so) = 0.478, ^^"=^(3,50) = 2.116, a'^q\s,so) = 2.433. 

(G(s)G(s'))3 = ^ i (4^=)^5,so)/c(g^)ee24 

so) /c(9') ec 72 + A^r^\s, sq) /«(g2) e, 48) 
(G(s)G(s'))6 = ^ (^i^'^' (5, 5o)(/c(«') ec 24 + /.(g^) 24) 
+4"^' (s, so)(/c(g') ec 72 + e, 72) + A^^^^' (s, sq) /c(g') ec 96) 

For the A^'='=^(s, sq) = 0.51, a["'\s,so) = 1.686, 4'"'^(s>so) = 1-95. 
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